The effect of depth displacement of test bars from the induction wedge of the Ponzo illusion was investigated in two experiments. Either two wedges of opposite orientation were presented simultaneously, one at a near and the other at a far distance, or only one wedge was presented at either the near or the far distance. The test bars were stereoscopically either in the plane of the wedge or displaced from the wedge in distance. When the two wedges were presented simultaneously, the direction of the Ponzo illusion was determined by the wedge at the same perceived distance as the test bars. When only one wedge was present, stereoscopic displacement of the bars in front of, but not behind, the wedge decreased the magnitude of the illusion. The results are interpreted in terms of the adjacency principle.
In two studies of induced motion, the perceived (stereoscopic) depth between the induction and test object has been found to be a significant variable in determining the magnitude of induced motion (Gogel & Koslow, 1971) .and its direction (Gogel & Koslow, 1972) . These results are interpreted as supporting the adjacency principle which states that the effectiveness of cues between objects in determining perceived object characteristics, e.g., perceived size or motion, is inversely related to the perceived separation (either frontoparallel or in depth) between the objects (Gogel, 1970) . Applying the adjacency principle to induction effects found in geometric illusions, it is expected that either frontoparallel or stereoscopic displacement of the induction and test components will reduce the magnitude of the illusion. Consistent with the adjacency principle, Hennessy and Liebowitz (1972) found that the magnitude of the Ponzo illusion was reduced as the bars (the test objects) were stereoscopically displaced in front of the wedge figure (the induction object). Greene, Lawson, and Godek (1972) , although obtaining results consistent with those of Hennessy and Leibowitz for a stereoscopic displacement of the bars in front of the wedge (crossed disparity), found, contrary to the adjacency principle, an increase in the illusion for a stereoscopic displacement of the bars behind the wedge (uncrossed disparity). Green et al. interpret their results in terms of the apparent size of the bars relative to the wedge figure as a function of the stereoscopic displacement of the bars. The present study, paralleling the experiments by Koslow (1971, 1972) , examines the effect of apparent depth separation
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A perspective drawing illustrating a situation in which the two wedge figures are presented simultaneously with different stereoscopic positions of a pair of bars is shown in Figure 1 . The dashed rectangles enclosing the wedge figures are to maintain the perspective of the drawing for purposes of illustration and were not present during the experiment. The basic Ponzo illusion is that demonstrated by placing two equally sized bars in the plane of the wedge figure. If the wedge figure were absent, it would be expected that the bars would appear to have the same size. But, with the wedge FIgure 1. Perspective drawing illustrating the situation In which two wedges (Induction objects) of opposite orientation 11ft presented with three alternative stereoscopic positions of the ban (test objects). present. t hc bar ncar the apex of the wedge (the apical bar) will appear larger than the other bar (the nonapical bar). Figure 1 illustrates the situation in which a pair of bars is stereoscopically either at the distuucc of the near wedge. between the two wedges in depth. or at the distance of the far wedge. According to the adjacency principle. the direction of the Ponzo illusion in Figure 1 should be determined mostly by the wedge at the same apparent depth as the pair of bars. In particular. with the wedge orientations shown in Figure 1 . the left bar of the pair of bars should appear larger than the right bar when the bars are at the near position and the right bar of the pair should appear larger than the left bar when the bars are at the far position. For the middle position of the pair of bars. the illusion should be intermediate between that obtained at either the near or far positions of the bars. Figure 2 illustrates the projection of the situation of Figure 1 on a position midway between the eyes of the observer (the cyclopean eye). Since the cyclopean projection can be considered to represent the perceived directional orientation of the stimuli. it is clear that if the perceived depth separation of the bars from the wedge were not an important factor in the Ponzo illusion no illusion would occur in the situation using the oppositely oriented wedges shown in Figure 1 .
In addition to using two wedges at different stereoscopic distances with three stereoscopic positions of the pair of bars. two additional situations were used in the present study. In one of these. the wedge figure at the near distance was omitted and in the other the wedge figure at the far distance was omitted. Thus. three basic situations were used with the three alternative stereoscopic positions of the pair of bars: (1) Two wedge figures of opposite orientation were presented at the near and far distances; (2) only one wedge figure was presented with this wedge at the far distance: (3) only one wedge figure was presented with this wedge at the near distance.
The application of the adjacency principle to the situations in which only one wedge was presented requires some additional discussion. The perceived (stereoscopic) displacement of the pair of bars from the distance of the single wedge figure is expected to modify the illusion in the direction expected from the removal of the wedge. i.e .. the Ponzo illusion should reduce in magnitude as the stereoscopic separation between the induction and test objects is increased. This would occur. however. only if there were some factor which would make the pair of bars appear to have the same apparent size in the absence of the wedge figure. This factor concerns the effect of perceived distance on perceived size as expressed by the size distance invariance hypothesis (SOIH). According to the SOIH. the bars of equal retinal size presented at the same stereoscopic distance (the same perceived distance from the observer) should have the same perceived size. Thus. from the adjacency principle. in the case of the single wedge. all other factors equal. stereoscopic displacement of the pair of bars from the wedge should result in greater effectiveness of the SOIH relative to the effectiveness of the wedge figure in determining the perceived relative sizes of the bars. Basically. a conflict of perceptual information is involved in the situation in which the stereoscopic depth separation between the bars and wedge is varied. In the case of one wedge. the conflict is between the induction effect from the wedge figure and the SOIH. In the case of the two wedges presented simultaneously at opposite orientations ( Figure 1 ). the conflict is primarily between the two opposite induction effects. In the case of either type of conflict. the adjacency principle asserts that the relative weight which the observer gives to a particular source of perceptual information. when more than one source is present simultaneously. varies inversely with the perceived separation of the objects between which this information is occurring. 1 
EXPERIMENT I

Method
Apparatus.
The wedges and bars were luminous ligures produced by the appropriate masking of luminous surfaces. The visual angular size of the bars always was 11.2' in width and 1°46.2' in height. The angular size of the width of the lines (strips) of the wedge figure . . alway x wa .. 21.4'. with the vertical extension of the wedge 1:;°11,:;', and with the wedge forming an angle of 41°13,9'. 'I he method of pre..enting the stirnuli i.... hown in the top view drawing of Figure 3 . The wedge ligures were viewed binocularly by means of two partially reflecting. partially transmitting mirrors. The near and far wedge figures were 100 and 160 ern from the observer. respectively. The wedges were always oriented with apex either left or right. The pair of bars. binocularly viewed through the two mirrors. were physicallv at a distance of 123 Col from the observer (the plane of the stereoscope), were always stereoscopically equidistant, and could be presented as a pair stereoscopically at 100 (N), 123 (M), or 160 em (F) from the observer (assuming, consistent with similar groups used previously, an interocular eye distance of 6.2 em). The near and far stereoscopic distances of the pair of bars were produced by means of appropriately oriented Polaroids located at the distance of the plane of the stereoscope and at the observer's eyes. The orientation of the Polaroids at the observer's eyes could be changed by the experimenter from a location outside the observation booth by moving a slide which positioned either one or two pairs of Polaroids in front of the observer's eyes. A top view of the Polaroid stereoscope for presenting the pair of bars at the different distances is shown in Figure 4 . Six luminous vertical bars, identical in size and shape (labeled "a" through "f" in Figure 4 ), were produced in the plane of the stereoscope. For the middle distance (123 em), only the bars labeled "b" and "e" were visible and were viewed by both eyes without the Polaroids. As indicated by the filled dot surrounded by the circle, these bars were physically and stereoscopically at the plane of the stereoscope. To produce the near distance, only a and d were seen with the right eye and only c and f with the left eye. For the far distance of the bars, only c and f were seen with the right eye and only a and d with the left eye. The brightness of the various bars and the wedges was adjusted by the experimenter to a value of .3 fL as viewed from the observation position. Since the accommodative distance of the bars was always to 123 em, the accommodative difference in diopters between a pair of bars and either wedge was always the same (about . The stimuli were viewed from a booth that was totally dark during the observations. A lighted surface of61O fL was located on the side wall in order to light-adapt the observer before beginning the experiment and between presentations of the experimental and control conditions. The stimuli were viewed through an aperture which was occluded by the experimenter between presentations by closing was occluded by the experimenter between presentations by III minous wedges and bars. During the experiment, the experimenter and the observer communicated by means of a headphone and microphone. White noise was presented in the headphones between trials to mask any sounds made by the experimenter. In addition to the viewing aperture, the observation position contained an adjustable stool, the slide for the Polaroids, and a head-and chinrest. The observer received general instructions regarding his task before entering the observation booth and specific instructions thereafter.
Observations. The observers were 56 men and 88 women, who partially satisfied a requirement of an undergraduate course in psychology by participating in the experiment. All had an acuity of 20130 both near and far and a stereoacuity of 18 sec, as measured with a Keystone orthoscope. The average internodal distance of the observers, as measured with a Mark I interpupillometer, was 6.19 em with a range of 504 to 6.9 em.
Procedure. In the experimental conditions, either one or two wedges were presented in addition to the pair of bars presented successively at the three stereoscopic distances. Half of the observers (72) were presented with the two wedges, and the remaining 72 observers with one wedge only. For 36 of the observers presented with the two wedges simultaneously, the near wedge pointed to the left and the far wedge pointed to the right. For the other 36 observers, the near wedge pointed right and the far wedge pointed left. The 72 observers presented with only one wedge were divided into four groups of 18 observers. With one group, the near wedge pointed to the left; with another group, the near wedge pointed to the right; with another group. the far wedge pointed to the left; and with another group, the far wedge pointed to the right. A trial in the experimental condition consisted of verbal reports of the apparent distance (D') of the wedge and of the apparent distances (D') and apparent relative sizes (5') ofthe bars. Thus, each observer in each experimental condition was presented with three trials. The order of presenting the three stereoscopic positions of the bars (one position for each trial) was systematically varied between observers. The distance judgments of either a bar or a wedge were RIGHT EYE inches. or i;, some~ombination of both. the perceived distances of each of these objects from his eyes. For the size judgments. one of the two bars (the standard) on each trial was assigned arbitrarily a value of 10 and the observer was asked to assign a value to the other bar (using fractions if necessary) which indicated the perceived height of this bar relative to the standard. For example. a report of ".5 would indicate that the nonstandard bar in a pair of bars was perceived to be three-quarters as tall as the standard bar. The standard bar was either the right or the left bar of the pair of bars for a particular observer throughout the experiment. but was varied between observers. with the result that tor each condition the standard was the right or the left bar (or the apical or nonapical bar) equally often. The order in which the observer reported the perceived distance of the wedge or wedges. the perceived distances of each of the bars of a pair. and the perceived ratio of the sizes of the bars was systematically varied between observers.
The control conditions. which always followed the experimental conditions. consisted of reports of the perceived distances and perceived size ratios of the bars for the three distance positions of the bars in the absence of any wedges. The purpose of the control conditions was to determine whether there was any systematic tendency to perceive one bar of a pair as being at a different distance or as having a ditferent size than the other in the absence of any induction object tor any of the three distance positions of the bars.
Results
The results from the reports of relative size are summarized in Table I . The S' ratio is the reported size of one bar relative to the other bar. To compare S' ratios between different situations. a procedure for calculating these ratios was used which can be discussed with the aid of Figure I . In the situation illustrated by Figure 1 . the computed S' ratio. for each of the three distance positions of the bars. is the perceived size of the right bar divided by the perceived size of the left bar. For example. if a response had been that the left bar was three-quarters the size ofthe right bar (the right bar is the standard in this example). the computed S' ratio would be 1.33. This procedure was used with (1) the simultaneous presentation of the two wedges for the case in which the near wedge pointed left and the far wedge pointed right. (2) the presentation of only the near wedge pointing left. and (3) the presentation of only the far wedge pointing right. The procedure for calculating the S' ratios for the remaining situations for each of the three distances of the bars was to divide the perceived size of the left bar by the perceived size of the right bar. The three situations to which this procedure was applied were (4) the simultaneous presentation of the two wedges for the case in which the near wedge pointed right and the far wedge pointed left. (5) the presentation of only the near wedge pointing right. and (6) the presentation of only the far wedge pointing left. This procedure permitted the S' ratios obtained for a particular distance of the bars (N. M. or F) to be averaged for a particular situation (one wedge only. near; one wedge only, far; or two wedges. one near and one far), regardless of the direction in which the wedge or wedges pointed and regardless of whether the standard was the right or left bar. Table I also gives the order of S' ratios expected from the Ponzo illusion and from the depth displacement of the bars with respect to the wedges. Consider the case of one wedge only at the near distance. From the procedure for calculating S' ratios described above, regardless of the direction in which the near wedge pointed, the S' ratio was the perceived size of the nonapical bar divided by the perceived size of the apical bar. Thus. all S' ratios should have been less than unity according to the Ponzo illusion and should increase (toward unity) as the bars were increasingly displaced behind the wedge. Consider the case of one wedge only at the far distance. In this case. the S' ratio resulted from dividing the perceived size of the apical bar by that of the nonapical bar (regardless of the direction in which the far wedge pointed). Thus, all S' ratios should be greater than unity according to the Ponzo illusion and should decrease (toward unity) as the bars were increasingly displaced in front of the wedge. Consider the case in which the two wedges were presented simultaneously. In this case. only if the stereoscopic displacement of the bars from a wedge were a significant factor would an illusion of size occur for any stereoscopic position of the bars. Again. from the above method of calculating S' ratios, if the S' ratio was determined by the wedge at the same plane as the bars, it should increase from the near to the far position and it should be less than unity at the near position, greater than unity at the far position. and between these two values at the middle position. A rank order analysis was applied to the S' ratios as a function of the three stereoscopic distances of the pairs of bars. The largest of the three ratios from a particular observer (for a particular situation) was given the rank of 3, with the smallest given the rank of 1. The magnitude of the mean rank as a function of the stereoscopic position of the bar is shown in Table 1 for each of the three basic situations of the experiment.
As indicated by Table 1 , in agreement with the results expected from the Ponzo illusion, the apical bar appeared larger than the nonapical bar of the same physical size and distance in the case in which either the near wedge or the far wedge was presented alone. Also, as indicated by the Friedman two-way analysis of the rank data, the stereoscopic displacement of the bars from the plane of the single wedge decreased the magnitude of the illusion for the case in which the displacement was in front of the far wedge presented alone but not when the displacement was behind the near wedge presented alone. The use of the far, but not the near, wedge indicates a reduction in the magnitude of the induction effect as the test object is displaced from the plane of the induction object. The importance of depth separation is strongly supported by the S' ratios obtained from the simultaneous presentation of the two wedges. In this case, a ratio less than unity at the near distance of the bars indicates that the near (not the far) wedge determined the direction of the illusion when the bars were stereoscopically (and perceptually) at the plane of the near wedge. A ratio greater than unity at the far .distance of the bars indicates that the far wedge determined the direction of the illusion when the bars were stereoscopically at the plane of the far wedge. If the depth separation of the bars from a particular wedge significantly reduced the induction effect of that wedge, both the S' ratios and the rank order of the S' ratios should have increased from N to F. Clearly this occurred.
The reported distances of the bars and wedge figures are summarized in Table 2 . As expected, the changes in the stereoscopic positions of the bars resulted in a change in their perceived distance relative to the wedges. It should be noted, however, that in the conditions in which only one wedge was presented the apparent distance of the bars for a particular stereoscopic position tended to be less when the wedge was at the far, rather than at the near, distance. Similarly, the apparent distance of a single wedge tended to decrease with increases in the stereoscopic distance ofthe pair of bars. It seems that the change in the stereoscopic distance of the bars for a constant distance of a wedge resulted in a change in opposite directions of the perceived distance from the observer of both the bars and the wedge. As expected, this effect did not occur when the two wedges were presented simultaneously. These results are consistent with the finding (Gogel, 1972b ) that when only stereoscopic cues of distance are available there is a position within the binocular configuration which tends to remain invariant in perceived distance with changes in the stereoscopic depth within the configuration, regardless of whether the near or far part of the contiguration is stereoscopicalIy moved. In studies of size and distance in binocular configurations, sometimes a portion of the stimulus configuration is used as a standard for judging the sizes and distances of other portions of the contiguration as these other portions are moved to different stereoscopic locations (see Greene et al., 1(72) . The above results indicate that this procedure should be avoided since it is unlikely that such a standard would remain unchanged in either perceived distance or perceived size as a function of the stereoscopic changes in the other portions of the display.
The reported distances and relative sizes of the bars in the absence of wedges (the control conditions) are summarized in Table 3 . It is evident that under these conditions the perceived sizes of the left and right bar were equal at each of the three stereoscopic distances. Since no wedge was present. binocular disparity was absent between the bars and any other object. with convergence the only cue to the distance of the bars. The D' data of Table 3 indicate that decreases in convergence were somewhat effective in producing increases in perceived distance. Also. as expected. the ratio of the perceived sizes of the bars was always approximately unity.
EXPERIMENT II
The results from the conditions in which the two wedges were presented simultaneously provide strong evidence that depth adjacency between the test and induction objects is an important factor in determining the magnitude and direction of the Ponzo iIlusion. Depth adjacency can also be used to explain the clear decrease in the iIlusion when the bars were displaced stereoscopicalIy in front of the induction figure and the only wedge present was at the far distance. But the lack of decrease in the magnitude of the iIlusion when the bars were displaced behind the wedge under the condition in which the single wed~e \1 asat the near position is consistent with neither the factor of depth adjacency nor with the results of Greene et al. (\972) . It will be noted. however. that. for the condition in which only a single wedge was present, the magnitude of the il1usion when the bars were stereoscopically equidistant with this wedge was btl;) or 100 (\ -.(4) when the wedge was at the near position and 16% or 100 (1.16 -1.00) when the wedge was at the far position. Thus. in the former case the magnitude of the Ponzo il1usion was smal1 even under the optimal condition of stereoscopic equidistance between the bars and wedge. In Experiment II. the situation in which the bars were stereoscopical1y at the distance of the single wedge or 40' or 80' behind this wedge again was investigated. but in this case the \Ied!.:e \\as at IbO rather than 100 em from the obse'rn:r. For this purpose. the plane of the Polaroid stereoscope \\as moved to 229 em from the observer. and the bars on this plane were modified in separation and size so as to produce pairs of bars of the same rct innl si/e as in Experiment l. but at stereoscopic distances of IbO. 22Y. or 400 em from the observer. The orientation of the wedge was to the right with half the observers and to the left with the remaining observers. Following the presentation of the experimental conditions, alI observers were presented with the control in which the wedge was absent. The procedure and instructions in Experiment II were identical to those used for the single near wedge condition of Experiment I.
The results from the experimental and control conditions of Experiment II are shown in Table 4 . The only difference between the meaning of the notation used in Table 4 and in the previous tables is that. in Table 4 . N. M. and F refer to 160. 229. and 400 em from the observer rather than to the 100. 123. and 160 ern distances used in Experiment I.
The S' ratios in Table 4 are similar to those for the near single wedge in Table I in that no systematic change in the magnitude of the Ponzo illusion occurred with uncrossed disparity of the bars. The D' data of Table 4 confirm that the perceived depth between the wedge and pair of bars increased with incrcaving amount!'> of uncrossed disparity and that the wedge. despite its constant distance, tended to appear closer as the stereoscopic distance of the pair of bars increased.
DISCUSSION
Clear support for the adjacency principle as applied to the Ponzo iIlusion occurred in the situation in Experiment I in which two wedges of opposite orientation were presented at different distances. An explanation in terms of the changes in the perceived sizes of the bars relative to the wedges with changes in the perceived distances of the bars as suggested by Greene et al. (1972) seems unable to account for the reversal in the direction of the Ponzo illusion that occurred under this condition. When a single wedge was used, the decrease in the magnitude of the illusion as a function of increasing apparent displacement of the bars in front of the wedge is expected from the adjacency principle and, according to Greene et al. (1972) , this also is expected from the change in the perceived size of bars resulting from the change in perceived distance. For the case in which the bars were stereoscopically displaced behind the single wedge (in either Experiment I or Experiment II) neither the increase in the illusion expected by Greene et al. nor the decrease in the illusion expected from the adjacency effect occurred. There are several alternative explanations of this latter result. It is possible that the effects of depth adjacency and apparent size, since they were in opposite directions, cancelled each other. It also is possible that an attention effect occurred such that the wedge could be less readily ignored when the bars were perceptually behind rather than in front of the wedge. A third possibility, which is favored by this author, concerns the description of the adjacency principle in terms of cue conflicts. In the case of the two wedges of opposite orientations presented simultaneously, the illusion involved mainly a conflict between the induction effects from each of the two wedges. In the case in which only a single wedge was present, the cue conflict was between the perceived equality in the relative sizes of the bars expected from the SOIH and the perceived inequality expected from the wedge. Possibly the zero binocular disparity between the bars of the pair (which normally would have produced a perceived equality in S') was more effective for near distances of the bars than for far distances. This possibility is supported by the greater magnitude of the Ponzo illusion that occurred in Table 1 when both the bars and single wedge were at a far, as compared with a near, distance. From this result. it is reasonable to expect that displacing the pair of bars in front of the single wedge would produce more effective information of size equality to counteract the Ponzo illusion than would displacement behind the wedge figure. Or, stated more specifically, the increasing perceived separation between the bars with increasing perceived distance of the bars would, according to the adjacency principle, result in a decreased effectiveness of the zero disparity between the pair of bars in making the bars appear equal in size. Thus, displacement of the pair of bars behind the wedge simultaneously would decrease both the effectiveness of the induction from the wedge and the effectiveness of perceived distance on perceived size. Conversely, it is also possible that stereoscopically positioning the bars in front of the wedge simultaneously increased the contribution of the SOIH and decreased the induction effect, with the result that the magnitude ofthe Ponzo illusion rapidly decreased with crossed disparity.
The results from the present study are consistent with the studies on induced motion as a function of depth separation by Koslow (1971, 1972) . Like the present results, changes in the direction of the illusion were found when opposed induction effects were present at different distances. Also, a clear decrease in the magnitude ofthe induced motion for stereoscopic displacement of the test object in front of the induction object was found, whereas displacement behind the induction object resulted in a smaller or no decrease in the illusion. In the study by Gogel and Koslow (1971) , this latter result was interpreted as being in agreement with· the factor of perceived depth in that. from the SOIH, an increase in the magnitude of the induction effect would be expected with increasing perceived distances of the test object. Reductions in the magnitude of the induction effects dependent only on the magnitude, and not the direction, of the depth separation of the induction and test object have been found, however, \\ ith simultaneous color contrast (Mershon. 1972; Wist L\ Susen, 1(73) and the binocular induction of depth associated with the trapezoidal window (Gogel, 1972a) . From these and the present study, it seems clear that, in agreement with the adjacency principle, induction effects can be modified by the depth separation of the test and induction object.
